The association between cigarette smoking and mortality from hepatocellular carcinoma (HCC) is ambiguous. We analyzed the association between smoking and mortality in HCC patients seen at our center. We collected data retrospectively on patients diagnosed with HCC between 2002 and 2009. We estimated the association of smoking history with demographic, clinical and treatment factors. We then modeled these factors as predictors of mortality. Among smokers, we analyzed the effects of pack-year history and cessation times on survival. Two hundred and twenty-three out of 444 patients with HCC had a history of smoking. Smokers were more likely to be younger at diagnosis, to have α fetoprotein (AFP) values less than the median, and to have had surgery (p=0.04) compared to non-smokers. In a Cox model, younger age, lower AFP and Child's Class were all independently predictive of survival, but smoking was not. Smokers with over 20 packyears did not have worse survival than lighter smokers, and cessation times also did not affect survival after controlling for age. We found a significant interaction between smoking and drinking. In our data, smoking was not independently associated with HCC survival in a multivariable model. Smoking was associated with favorable prognostic features which likely outweighed any independent effect of smoking.
Introduction
Hepatocellular carcinoma (HCC) has the most rapidly rising cancer mortality rate in the US. Its known risk factors include hepatitis B and C, alcoholic cirrhosis and non-alcoholic steatohepatitis, or NASH. Smoking is related to cancer incidence and mortality in many malignancies, including carcinomas of the lung, stomach, esophagus, bladder, pancreas, kidney and colon (1, 2) . Cigarette smoking has been investigated as an independent predictor of mortality in patients with HCC, but its effects have not been well documented (3) (4) (5) . Smoking creates toxic metabolites that theoretically could increase cancer aggressiveness (6) . Since alcohol intake is strongly associated with HCC, and the use of tobacco is strongly associated with alcohol intake in many populations, the role of tobacco as an independent causal agent in HCC mortality has been difficult to evaluate (7) . A large cohort study in China examined the correlation between mortality from HCC and alcohol use, cigarette smoking and dietary habits and found an association between smoking and HCC mortality only among females (8) . A large cohort study in Japan found that smoking was related to an increased risk of mortality from HCC in a dose-response fashion; those who smoked more had higher HCC mortality rates. However, this study reported results only for univariate analyses and did not assess possible confounders or synergistic effects (3) . An analysis of data from the British Whitehall cohort study of 17,363 male government employees followed for up to 38 years suggested an increased risk of liver cancer mortality among men who were current smokers at baseline, but only 57 subjects died of liver cancer during follow-up, and the association was not statistically significant (5) . In a retrospective study of 262 HCC patients in Hawaii, Wong et al found that HCC survival was associated with alcohol consumption and with hepatitis B, but not with smoking (9) . However, these authors did not evaluate the interaction between alcohol use and smoking or measure smoking intensity or duration.
Current smokers have a higher risk for mortality from many diseases than non-smokers and past smokers, but the difference between current and past smokers' risks may be related to the time interval since smoking cessation. For instance, a study of lung cancer incidence found that quitters had the same risk as current smokers for the first 3 years, but that individuals who had stopped smoking more than 20 years ago had the same risk of lung cancer as never-smokers (10) . In this study, we report a retrospective study of the association of smoking with mortality among patients diagnosed with HCC at our large referral center in New York City.
Materials and methods
We identified all patients who were diagnosed either pathologically or clinically with HCC between January 1, 2002, and February 7, 2009 , at the Columbia University Medical Center (CUMC), a tertiary referral hospital for liver disease and transplantation located in Washington Heights, a predominantly Hispanic neighborhood in New York City. Using the ICD-9 code 155.0 (malignant neoplasm liver, primary) as a search criterion in CUMC's clinical information system, we first identified all patients diagnosed with HCC. We then searched for patients with an α fetoprotein (AFP) >200 ng/ml. We clinically confirmed all these patients to have HCC through a review of imaging and clinical characteristics using AASLD criteria (11) . We also evaluated a separate pathology database that tracks all pathologically diagnosed HCC at our institution to confirm inclusion of pathologically eligible cases. Our protocol was approved by the Institutional Review Board of Columbia University Medical Center.
Using paper charts and Columbia's electronic data warehouse, we abstracted age at diagnosis, gender, race/ethnicity (self-reported), AFP, risk factors for liver disease, Child-Pugh score and history of self-reported alcohol use and smoking. All patients age ≥18 years were included in the sample. Smoking history data were collected as ever/never smoked and, among ever smokers, time since the most recent cessation, average packs per day and smoking duration in years. Cessation time was computed from data in patients' charts as the interval from the quit date to the date of HCC diagnosis. Patients who reported that they had quit after their date of diagnosis were considered current smokers in the analysis. Child-Pugh score was computed using serum total bilirubin, albumin, INR, ascites and encephalopathy grade at diagnosis, or closest to and preceding the date of surgery for those who underwent surgery. Patients were categorized as significant alcohol users if they reported having had an average of more than two drinks per day for at least 1 year. Patients were followed until death or July 2009.
Demographic and clinical characteristics of smokers and non-smokers (race/ethnicity, gender, median AFP values, stage, patient age, significant alcohol use, Child-Pugh score, HCC grade and presence of microvascular invasion for patients with available pathology samples) were compared; the statistical significance of differences in proportions was evaluated by means of Chi-square and Fisher's exact tests. We developed logistic regression models to analyze the association of smoking status with the above variables, Kaplan-Meier curves with log-rank tests to estimate the association of smoking behavior with survival and Cox proportional hazards models to evaluate the association of smoking with mortality, with potential confounders taken into account. We specifically modeled the interaction between smoking and alcohol in the Cox model. All statistical analyses were performed using SAS software (version 9.1; Cary, NC, USA).
Results
Of 444 patients diagnosed with HCC between 1992 and 2007 in our sample, the 223 who were ever smokers differed from the 221 never-smokers in demographic and clinical characteristics (Table I) . Smokers were more likely to be Caucasian and less likely to be Asian, more likely to be male and more likely to be <60 years of age. Smokers were also more likely than non-smokers to drink, to have AFP levels below the median, to be male and to have had surgery (either resection or liver transplantation). Median survival was 16.3 months among smokers and 14.5 months among non-smokers (p=0.1; log-rank). Fig. 1 shows Kaplan-Meier curves for never smokers, light smokers (<20 pack-years) and heavy smokers (≥20 pack-years). The three groups did not differ significantly with respect to survival. Current smokers, patients who had quit within the past 20 years and patients who had quit >20 years ago also did not differ in terms of overall survival (Fig. 2) . In a Cox proportional hazards model that included smoking, alcohol use, age at diagnosis, gender, median AFP, Child-Pugh score, receipt of surgery and significant drinking history, receipt of surgery was the most significant factor associated with decreased mortality [mortality hazard ratio (HR)=0.30; 95% CI 0.23-0.40; p<0.0001]. Smoking was not associated with mortality in Figure 1 . Kaplan-Meier curves for never smokers, light smokers (<20 packyears) and heavy smokers (>20 pack-years). (Table II) . When we evaluated those patients who received and did not receive surgery separately, we still found no difference in survival between those who smoked more heavily and those who were moderate smokers or non-smokers (data not shown). Similarly, we saw no significant association of time since cessation with survival (data not shown). A Kaplan-Meier curve comparing patients who neither smoked nor drank, patients who only smoked, patients who only drank and patients who both smoked and drank yielded statistically significant differences in survival in a univariate analysis (p=0.004; Fig. 3 ). Non-smokers who used significant amounts of alcohol had the poorest survival at 4 years, whereas smokers who used significant alcohol had the best survival at 4 years. We then decided to study this interaction more closely and evaluated the relationship between smoking and drinking in our Cox model. We found a statistically significant interaction between the two (p=0.02; data not shown). Using non-smokers/non-significant drinkers (-/-) as our reference group, we found that non-smokers who drink (-/+) were significantly different, indicating an effect for significant alcohol consumption on HCC mortality. When smokers who did not drink (+/-) were compared to non-smokers/nondrinkers, there was no difference in HCC mortality, a result that agrees with our previous finding that smoking has no effect on HCC mortality in this cohort. Notably, patients who were both smokers and significant drinkers (+/+) did not have higher mortality than those who neither smoke nor drink (-/-) (HR=0.95; CI 0.69-1.31; p=0.76; Table II), perhaps because of the difference in age and treatment between the two groups.
Discussion
In our sample of HCC patients, the strongest predictor of increased mortality was not receiving surgery. Smoking was not associated with overall mortality, but smokers were more likely than non-smokers to receive surgery (p=0.04). Receipt of surgery is typically a strong predictor of better outcome because those who receive surgery usually have more limited disease and a better performance status than those who do not. We found that the mortality was more than three times higher among non-transplanted patients compared to transplanted patients (HR=3.62), even when AFP and other factors were taken into account (12) . In our present sample, smokers had lower AFP and were also younger than non-smokers. However, in our Cox models, we took receipt of surgery, younger age and lower AFP into account and still found no significant effect of smoking on mortality. Separate Kaplan-Meier comparisons among those who received and did not receive surgery also found that smokers and non-smokers did not differ in survival (data not shown).
Our analyses also did not support the hypotheses that heavier smokers would have poorer HCC survival than lighter smokers. Patients who stopped smoking less than 20 years before their diagnosis had better survival than patients who were still smoking at the time of diagnosis, but patients who had stopped smoking 20 or more years before their diagnosis had the poorest survival. These associations were not statistically significant and may reflect the 4-year age difference between those who stopped smoking 20 or more years ago and those who stopped more recently. We found a significant interaction between smoking and drinking, but our results are difficult to interpret. It is reasonable that non-smokers who drank would have a poorer survival than non-smokers who did not drink, but it is not clear why drinkers who smoked had lower mortality rates than drinkers who did not smoke. Among our subjects, drinkers were similar to non-drinkers in age (mean 59 vs. 60, respectively), but were less likely to receive surgery (p=0.05). Perhaps the cause of HCC in non-drinking non-smokers resulted in more lethal disease or, more likely, that these patients had other unmeasured characteristics which affected their survival.
Our study had several limitations. First, patients who gave any smoking history were considered to be smokers, regardless of the amount and duration of their smoking. Patients with a very remote or insignificant smoking history were included in the smoking group this may have biased the observed association of smoking with mortality toward the null. In addition, 25 patients who reported any smoking had charts that were missing packyear data. The exclusion of those patients from the multivariable models may have led to bias if those patients differed in some way from those who were included. Similarly, our coding for drinking was relatively imprecise, and did not account for degree of alcohol use. We coded alcohol use as 'significant' not significant rather than any/none to try to evaluate those for whom alcohol use was a potential contributor to their HCC.
In conclusion, surgery was the dominant predictor of HCC mortality in our sample. As in previous studies, we found that smoking was not significantly associated with increased mortality in HCC in a multivariate model. Heavy smokers had the best unadjusted 4-year survival rates, whereas non-smokers had the poorest 4-year survival rates. Patients with the longest cessation times had the worst 4-year survival rates, but they were older than the other patients. Our study also showed that non-smokers have a number of characteristics associated with mortality, highlighting the importance of further research in understanding the causes of mortality in non-smoking HCC patients.
